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Sunday, February 16, 2014 219aset solutions, final presentations, peer feedback, pre- and post course surveys,
as well as a comprehensive structure solution set to be solved in a longterm
post-test. Participants showed good problem solving- and very good crystallo-
graphic communication and feedback skills. Their confidence level applying
x-ray crystallography techniques increased during the course. Most impor-
tantly, three months after the course, >80% of participants were able to solve
and refine unknown diffraction datasets to publication quality level.
1105-Pos Board B860
An Open-Source Lipid Bilayer Setup for Hands-On Learning of
Biophysics
Vadim Shlyonsky, Freddy Dupuis, David Gall.
Universite´ Libre de Bruxelles, Bruxelles, Belgium.
Although people are generally interested in how the brain functions, neurosci-
ence education is hampered by a lack of low cost and engaging teaching
materials. To address this, we developed an open-source lipid bilayer ampli-
fier which is appropriate for use in introductory courses in biophysics or neu-
rosciences. The amplifier is designed using the common lithographic printed
circuit board fabrication process and off-the-shelf electronic components. In
addition, we propose a specific design for experimental chambers allowing
the insertion of a commercially available polytetrafluoroethylene film. This
device can be used in simple experiments in which students monitor the
bilayer formation by capacitance measurement and record unitary currents
produced by ionophores like gramicidin A. Used in combination with a
low-cost data acquisition board this system provides a complete solution for
hands-on lessons, therefore improving the effectiveness in teaching basic neu-
rosciences or biophysics.
1106-Pos Board B861
Utility of Synechocystis sp. PCC 6803 Glutaredoxin a as a Platform to
Study High-Resolution Mutagenesis of Proteins
Roger B. Sutton.
Cell Physiology and Molecular Biophysics, Texas Tech University Health
Sciences Center, Lubbock, TX, USA.
Glutaredoxin from the cyanobacterium Synechocystis sp PCC 6803 is a small
protein, containing only 88 amino acids, that participates in a large number of
redox reactions, serving both as an electron donor for enzyme-catalyzed reduc-
tions and as a regulator of diverse metabolic pathways. The crystal structures of
glutaredoxins from several species have been solved, including the glutare-
doxin A isoform from the cyanobacterium Synechocystis sp. PCC 6803. We
have utilized the small size of Synechocystis glutaredoxin A and its propensity
to form protein crystals that diffract to high resolution to explore a long-
standing question in biochemistry; i.e., what are the effects of mutations on
protein structure and function? Consequently, we have initiated a long-term
educational project that would examine the structural and biochemical changes
in glutaredoxin as a function of single-point mutational replacements.
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Tethered Particle Motion for Undergraduates
Allen C. Price, Briana Mousley, Stefano Gambino, Elsie Helou,
D. Linda Song, Joseph Loparo.
Emmanuel College, Boston, MA, USA.
We have developed a simplified method for observing and measuring the
Brownian motion of microbeads tethered to surfaces by individual DNAs.
The method is suitable for integration into upper division undergraduate phys-
ics or biology labs. Modified Lambda DNAs are attached to functionalized
glass coverslips and tethered to commercially available microbeads. The instru-
mentation is inexpensive and simple: capillary action is used to load samples
into a simple flow cell and data is collected using a webcam mounted on an up-
right microscope. Video data can be tracked manually using freely available
software and analyzed in a number of ways. Sample lab protocols and material
lists will be made available.
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Undergraduate Laboratory on DNA Folding using AFM
Clay Contee1, Matthew Kurek2, Raysa Cabrejo3, Ashley R. Carter2.
1Natural Sciences, Hampshire College, Amherst, MA, USA, 2Physics,
Amherst College, Amherst, MA, USA, 3Biochemistry and Biophysics,
Amherst College, Amherst, MA, USA.
Atomic Force Microscopy (AFM) is an exciting biophysical technique capable
of imaging biological molecules at near atomic resolution, measuring preciseforce dynamics of protein unfolding, or applying mechanical stress to cells
and measuring their response. Yet, despite its ubiquity in biophysical research,
AFM has been almost nonexistent in the undergraduate laboratory. Fortunately,
with newer AFM systems becoming more affordable and user-friendly, the pos-
sibility of AFM in undergraduate courses is now a reality. Our goal is to design
an AFM laboratory for students with an introductory background in physics. In
this laboratory, students will (1) image the structure of DNA adhered to a mica
cover slip in the absence and presence of a condensing agent (protamine), (2)
model the DNA as a worm-like chain or a series of toroids, respectively, and (3)
use these images to calculate structural parameters of DNA, such as radius of
gyration, persistence length, and contour length. This laboratory will expose
undergraduates to some of the fundamental AFM techniques that make it a rev-
olutionary tool in biophysical research.
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Open Plans of a Multi-Functional, Low Cost Fluorescence Microscope for
Teaching and Research
Victoria H. Nguyen1, Jacquelyn Zehner2, Walter Cook3, Babak Sanii4.
1Keck Science Department, Scripps College, Claremont, CA, USA, 2Keck
Science Department, Claremont McKenna College, Claremont, CA, USA,
3Keck Science Department, Claremont Colleges, Claremont, CA, USA,
4Keck Science Department, Chemistry, Claremont McKenna, Pitzer and
Scripps Colleges, Claremont, CA, USA.
The specialized functionality and high cost of commercial quality optical mi-
croscopes can be a significant barrier to teaching/research laboratories with
constrained resources. In order to address these broader needs, as well as to
meet specific biophysics imaging needs in our lab, we have designed an
economical, multifunctional microscope. This microscope, called the Swing-
Scope, combines functions traditionally fulfilled by two separate fluorescence
microscopes, one upright and one inverted. It utilizes commercially available
optical components and requires less than one day for an undergraduate stu-
dent to assemble. The cost of the microscope components/software is less
than $10k, which is an order of magnitude cheaper than an upright and an
inverted commercial fluorescence microscope. The detailed plans and compo-
nent lists will be made available as free documents, and the system is open-
source whenever possible (ImageJ, mManager, Arduino). Additionally the
Swingscope can rotate 180 degrees around the sample, enabling contact-
angle measurements as well as 3D reconstruction techniques. We have used
the SwingScope to measure dynamics of single supported phospholipid bila-
yers (1% fluorescence), and preliminary point-spread functions indicate a
2mm resolution at 10x magnification. In addition to its research applications,
we are exploring its assembly and use as a teaching laboratory experiment
for undergraduates.
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Biomedical Imaging in the Undergraduate Science Curriculum
Bethe A. Scalettar1, James R. Abney2.
1Department of Physics, Lewis & Clark College, Portland, OR, USA,
2Kolisch Hartwell, PC, Portland, OR, USA.
In recent years, physics (and mathematics) have become very critical and con-
spicuous contributors to biology and medicine. One notable reason is the indis-
pensable role that sophisticated imaging techniques now play in fundamental
biological research and in diagnosing and treating many serious diseases. In
light of this, we recently developed an undergraduate course in which imaging
serves as a foundation for integrating physics with material that is engaging and
relevant, especially to students majoring in physics and/or the life sciences. Our
course is in some respects similar to traditional medical imaging courses that
focus on the physical basis of prominent medical imaging modalities, such
as ultrasonography and magnetic resonance imaging (MRI). However, in addi-
tion to these and related techniques, our imaging course also deals extensively
with optical microscopy. We included this imaging modality because under-
graduates in the life sciences are extensively exposed to optical microscopy
in teaching and research settings and because optics is an extremely important
branch of applied physics. We also use a mix of lecture- and laboratory-based
pedagogical approaches. It has been gratifying to find that the course is very
enthusiastically received by students at our institution majoring in biology,
biochemistry, chemistry, and/or physics; thus, here we describe some of our
most popular lecture topics and associated experimental activities to help
pave the way for other educators who are interested in teaching a similar
course.
